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(54) Wavefront sensor with a Hartmann plate with multifocal lenses, and a lens meter and an 
active optical reflecting telescope using the sensor 



(57) A wavefront sensor includes a plurality of lens- 
es disposed in the same plane, and an area sensor that 
receives a bundle of rays of light collected through each 
of the lenses as a luminous point. Each of the lenses 
comprises a plurality of concentric areas with different 
focal lengths, and the area sensor is located substan- 
tially halfway between a first position in which a plane 
wave forms an image after passing through one of the 



concentric areas with a minimum focal length, and a 
second position in which the plane wave forms an image 
after passing through another area with a maximum fo- 
cal length. With the wavefront sensor thus arranged, the 
measurement can be always achieved with high accu- 
racy without involving noticeable blurring of luminous 
points on the area sensor regardless of the wavefront 
shape of a light beam incident to the lenses. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001] The present invention relates to a wavefront 
sensor for measuring wavefront shape of a light beam, 
and a lens meter and an active optical reflecting tele- 
scope using the wavefront sensor. 

2. Description of Related Art: 

[0002] Conventionally, a Hartmann wavefront sensor 
is known as a wavefront sensor for measuring wavefront 
shape of a light beam. The Hartmann wavefront sensor 
includes a plate member called the Hartmann plate hav- 
ing multiple small openings regularly formed therein at 
a constant interval, and an area sensor disposed paral- 
lel to the Hartmann plate. A light beam is radiated onto 
the Hartmann plate from the opposite side of the area 
sensor. The incident light beam forms a thin pencil or 
bundle of rays of light as it passes through the openings 
and creates multiple luminous points on the area sensor 
according to the number of openings. 
[0003] When the incident light beam is a plane wave, 
the interval between the openings in the Hartmann plate 
and the interval between the luminous points on the area 
sensor are equal. Even when the interval of the open- 
ings and the interval of the luminous points are not 
equal, the direction of light of the transmitted rays can 
be calculated from the position of the luminous points 
on the area sensor, because the distance between the 
Hartmann plate and the area sensor, and the position of 
the openings in the Hartmann plate are known. Because 
this direction is equal to a direction normal to the wave 
plane of incident light beam, wavefront shape of the in- 
cident light beam can be measured based on multiple 
directions of the light. 

[0004] On the other hand, in order to improve the S/ 
N ratio, each opening of the Hartmann plate is usually 
equipped with a single focus lens of the same specifi- 
cation, and the area sensor is disposed on the focal 
point of each lens. 

[0005] The conventional wavefront sensor has a 
problem however that when the incident light beam is a 
plane wave, the S/N ratio can be sufficiently improved 
by using a single focus lens and an area sensor located 
at the focal point of the single focus lens, however, if the 
incident light beam is not a plane wave, the luminous 
point on the area sensor becomes blurred and the S/N 
ratio decreases significantly. 

[0006] As shown in FIG. 12(a), when a light beam P 
incident to a lens 2 on the Hartmann plate 1 is a plane 
wave, light through the lens 2 is collected at one point 
on an area sensor 3 and creates a luminous point Q1 . 
The luminous point Q1 has a luminous energy distribu- 
tion indicated by the solid line shown in FIG. 13. How- 
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ever, as shown in FIGS. 12(b) and 12(c), when the inci- 
dent light beam P is either divergent light or convergent 
light, light transmitted through the lens 2 does not con- 
verge on the area sensor 3 and creates a rather large- 
s size luminous point Q2 or Q3 on the area sensor 3. 
These luminous points Q2 and Q3 have a luminous en- 
ergy distribution indicated by the broken line shown in 
FIG. 1 3 and thus they are significantly blurred due to the 
absence of a clear luminous energy difference from the 
10 surroundings as demonstrated by the luminous point 
Q1 . Therefore, when the luminous energy received by 
the area sensor 3 decreases due to the presence of dust 
or scars on the lenses, it easily affects the luminous 
points Q2 and Q3 : and in the worst case, these points 
15 cannot be recognized as a luminous point. 

[0007] In addition, since the periphery of the blurred 
luminous point is unclear and extends outwardly far from 
the center of the luminous point, the adjacent luminous 
points on the area sensor 3 may touch or overlap each 
other. To avoid this, it is necessary either to shorten the 
distance between the Hartmann plate 1 and the area 
sensor 3 : or to enlarge the interval of the openings in 
the Hartmann plate 1. However, in the former case, for 
an incident light other than the plane wave, the displace- 
ment of the luminous point becomes small, lowering the 
sensitivity to the displacement. In the latter case, the 
density of the luminous point becomes small, decreas- 
ing the measurement point. Thus, the accuracy of the 
measurement of wavefront shape is deteriorated in both 
cases. 

[0008] Especially, when measuring a wavefront great- 
ly distorted from a flat plane, such as a light beam trans- 
mitted through a lens, the above-mentioned problems 
cannot be ignored, and it is absolutely necessary to 
avoid remarkable blurring of the luminous points so as 
to improve measurement accuracy. 

SUMMARY OF THE INVENTION 

[0009] With the foregoing in view, it is an object of the 
present invention to provide a wavefront sensor, which 
is capable of achieving a measurement with high accu- 
racy by avoiding the creation of remarkably blurred lu- 
minous points, regardless of wavefront shape of an in- 
cident light beam. 

[0010] Another object of the present invention is to 
provide a lens meter and a reflecting telescope using 
the wavefront sensor. 

[0011] To achieve the foregoing objects, the present 
invention provides in one aspect a wavefront sensor 
comprising: a plurality of lenses disposed in the same 
plane; and an area sensor which receives a bundle of 
rays of light collected through each of the lenses as a 
luminous point, wherein the wavefront sensor measures 
wavefront shape of a light beam incident to the lenses 
based on the position of the luminous points on the area 
sensor. Each of the lenses comprises a plurality of con- 
centric areas with different focal lengths, and the area 
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sensor is located substantially halfway between a first 
position in which a plane wave forms an image after 
passing through one of the concentric areas with a min- 
imum focal length, and a second position in which the 
plane wave forms an image after passing through an- 
other area with a maximum focal length. 
[0012] In one preferred form of the invention, the re- 
spective focal lengths of the concentric areas change 
stepwise from a central portion toward a peripheral por- 
tion of each of the lenses. As an alternative, the respec- 
tive focal lengths of the concentric areas change con- 
tinuously from the central portion toward the peripheral 
portion of each of the lenses. 

[001 3] From the manufacturing point of view, it is pref- 
erable that the central portion of each lens has the max- 
imum focal length, and the peripheral portion of each 
lens has the minimum focal length. 
[0014] The lenses preferably comprise a diffraction 
optical element. 

[0015] In another aspect the present invention pro- 
vides a lens meter in which the wavef ront sensor of the 
foregoing construction is incorporated. 
[0016] In still another aspect the present invention 
provides an active optical reflection telescope using the 
wavefront sensor of the foregoing construction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

FIG. 1 is a schematic perspective view showing the 
general construction of a wavefront sensor accord- 
ing to the present invention; 

FIG. 2 is a plan view of a lens adapted to be mount- 
ed on the wavefront sensor; 

FIG. 3 is an enlarged view showing the cross-sec- 
tional profile of a diffraction optical element forming 
the lens; 

FIG. 4 is a diagrammatical view showing an ar- 
rangement used when the wavefront sensor of the 
present invention is applied to a lens meter; 
FIG. 5 is a diagrammatical view showing the gen- 
eral construction of a lens meter in which the wave- 
front sensor of the present invention is incorporat- 
ed; 

FIG. 6(a) is a view illustrative of the manner in which 

an image is formed when a convergent light beam 

is incident on the wavefront sensor; 

FIG. 6(b) is a view illustrative of the manner in which 

an image is formed when a parallel light beam is 

incident on the wavefront sensor; 

FIG. 6(c) is a view illustrative of the manner in which 

an image is formed when a divergent light beam is 

incident on the wavefront sensor; 

FIG. 7(a) is an enlarged view of a portion of FIG. 6 

(a) including an area sensor; 

FIG. 7(b) is an enlarged view of a portion of FIG. 6 

(b) including the area sensor; 
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FIG. 7(c) is an enlarged view of a portion of FIG. 6 
(c) including the area sensor; 
FIG. 8 is a graph showing a luminous energy distri- 
bution on the area sensor of the wavefront sensor 
5 shown in FIGS. 6(a) - 6(c); 

FIG. 9 is a graph showing the manner in which the 
focal length of the lens continuously changes; 
FIG. 10 is a fragmentary plan view of a lens array 
composed of a plurality of lens formed integrally in 
the same plane; 

FIG. 11 is a diagrammatical view showing the gen- 
eral construction of an active optical reflecting tele- 
scope in which the wavefront sensor of the present 
invention is incorporated; 

FIG. 12(a) is a view illustrative of the manner in 
which an image is formed when a parallel light beam 
is incident on a conventional wavefront sensor; 
FIG. 12(b) is a view illustrative of the manner in 
which an image is formed when a convergence light 
beam is incident on the conventional wavefront sen- 
sor; 

FIG. 12(c) is a view illustrative of the manner in 
which an image is formed when a divergent light 
beam is incident on the conventional wavefront sen- 
sor; and 

FIG. 13 is a graph showing luminous energy distri- 
butions on an area sensor of the wavefront sensor 
shown in FIGS. 12(a) - 12(c). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] The following description is merely exemplary 
in nature and is in no way intended to limit the invention 
or its application or uses. 

[0019] Referring to the drawing and FIG. 1 in particu- 
lar, there is shown the general construction of a Hart- 
mann wavefront sensor according to an embodiment of 
the present invention. The wavefront sensor 4 generally 
comprises a Hartmann plate 6 having a plurality of open- 
ings 5 formed regularly therein at a constant interval, 
and an area sensor 7 disposed parallel to the Hartmann 
plate 6. An incident light beam P falls on or strikes the 
Hartmann plate 6 from the opposite side of area sensor 
7. The incident light beam P forms a thin pencil or bundle 
of rays of light as it passes through the openings 5 and 
creates multiple luminous points on the area sensor 7 
corresponding in number to the number of the openings 
5. 

[0020] Each of the openings 5 of the Hartmann plate 
6 is equipped with one lens 8. The lens 8 has a focal 
length so set as to vary depending on portions thereof 
In the illustrated embodiment, the lens 8, as shown in 
FIG. 2, has three concentric annular areas 8a, 8b and 
8c with different focal lengths, and the focal lengths be- 
come smaller in a gradual or otherwise stepwise fashion 
in a direction from a central portion (area 8a) of the lens 
8 to a peripheral portion (area 8c). From the manufac- 
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turing point of view, it is preferable that the lens 8 com- 
prises a diffraction optical element such as shown in 
FIG. 3. 

[0021] The area sensor 7 is located substantially half- 
way between a first position in which a plane wave forms 
an image when passing through the area 8c having the 
minimum focal length f3, and a second position in which 
the plane wave forms an image when passing through 
the area 8a having the maximum focal length f 1 . Assum- 
ing that the distance from the Hartmann plate 6 to the 
area sensor 7 is L, then, f3 < L < f 1 . 

Application of Wavefront Sensor to Lens Meter 

[0022] FIG. 4 schematically illustrates an arrange- 
ment taken when the wavefront sensor 4 of FIG. 1 is to 
be incorporated in a lens meter. In FIG. 4, these parts 
of a wavefront sensor 9 which are like or corresponding 
to those of the wavefront sensor 4 are designated by the 
same reference characters, and a further description 
thereof can, therefore, be omitted. FIG. 5 diagrammati- 
cally shows the general construction of the lens meter 
10 in which the wavefront sensor 9 is incorporated. 
[0023] In the wavefront sensor 9, the center of a Hart- 
mann plate 6 and the center of an area sensor 7 are 
aligned with an optical axis of the lens meter 10. The 
Hartmann plate 6 has four openings 5 formed therein at 
equal angular intervals (with 90° pitch difference) about 
the center (optical axis). It is preferable that the number 
of the openings 5 is four or more as in the illustrated 
embodiment when considering the measurement accu- 
racy. However, three openings can be enough when 
lens characteristics to be measured are the spherical 
focal power, cylindrical focal power, cylinder axis angle, 
or eccentricity. 

[0024] The lens meter 1 0 comprises a light source 1 1 , 
a pinhole 12, a collimator lens 13, a lens holder 14, and 
the wavefront sensor 9. The pinhole 12 is located at a 
target focal point of the collimator lens 1 3. The lens hold- 
er 1 4 is adapted to support thereon a lens TL to be tested 
(hereinafter referred to as "tested lens"). WF in FIG. 5 
denotes a wavefront of the light beam P. 
[0025] Light emitted from the light source 11 passes 
through the pinhole 12, which forms a point light source. 
A light beam from the point light source then passes 
through the collimator lens 13, which creates a plane 
wave (collimated light). When a lens TL to be tested is 
not placed on the lens holder 14, the plane wave directly 
strikes the lenses 8 and then is received by the area 
sensor 7. In this instance, the interval of the luminous 
points created on the area sensor 7 is equal to the in- 
terval of the openings 5 in the Hartmann plate 6. 
[0026] In the case where a lens TL to be test is placed 
on the lens holder 14, the plane wave incident to the 
lens TL is converted into a spherical wave according to 
the characteristics of the lens TL, then passes through 
the openings 5 in the Hartmann plate 6. When the tested 
lens TL is a plus lens or a lens having a positive focal 



power, the interval of the luminous points created on the 
area sensor 7 becomes smaller than the interval of the 
openings in the Hartmann plate 6. Conversely, when the 
tested lens TL is a minus lens or a lens having a negative 

5 focal power, the interval of the luminous points on the 
area sensor 7 becomes greater than the interval of the 
openings in the Hartmann plate 6. Accordingly, by ob- 
taining the interval of the luminous points on the area 
sensor 7, the optical characteristics of a lens TL to be 

10 tested, which is inserted on the light path , can be calcu- 
lated. For instance, assuming that the distance between 
the apex on the backside of the tested lens TL and the 
Hartmann plate 6 is AL, the interval of the openings 5 in 
the Hartmann plate 6 is d, and the displacement of lu- 

*5 minous points on the area sensor 7 relative to the lumi- 
nous points formed in the absence of the tested lens TL 
is Ad, then a back focus Bf of the tested lens TL should 
be calculated by the equation below: 

20 

Bf= AL-L-d/ Ad 

[0027] For comparative purposes, a more specific ex- 
ample of the present invention will be described below 
25 in conjunction with a comparative example. Compara- 
tive Example 

[0028] In the comparative example, the conventional 
wavefront sensor shown in FIGS. 12(a) - 12(c) is used 
in the lens meter 10 in place of the wavefront sensor 9. 

30 The Hartmann plate 1 and area sensor 3 of the conven- 
tional wavefront sensor are similar to the Hartmann 
plate 6 and area sensor 7, respectively, of the wavefront 
sensor 9 but differ therefrom in that the lenses 2 used 
in the Hartmann plate 1 comprise a single focus lens. 

35 [0029] In the case where the refracting power of the 
tested lens TL is approximately OD, because a wave- 
front similar to the plane wave is incident to the Hart- 
mann plate 1 , the pinhole 1 2 forming a point light source 
focuses the light on the area sensor 3 and forms a clear 

40 or sharp luminous point Q1 (FIG. 12(a)). In this instance, 
since the luminous point Q1 has high luminous energy 
(as indicated by the solid line shown in FIG. 13) and ex- 
cels in S/N ratio, the position of luminous point Q1 can 
be detected with high accuracy. In addition, any scars 

4 5 or contamination on the surface of the tested lens TL 
does not affect the measurement result significantly. 
[0030] On the other hand, when the refraction power 
of the tested lens TL is large or high, the wavefront of 
light beam P incident to the Hartmann plate 1 forms a 

50 spherical wave with a small curvature. When the tested 
lens TL has a high plus or positive focal power, an image 
is formed far ahead of the area sensor 3 (FIG. 12(b)), 
and when the tested lens TL has a high minus or nega- 
tive focal power, an image is created farther behind the 

55 area sensor 3 (FIG. 12(c)). Accordingly luminous points 
Q2 and Q3 formed on the area sensor 3 become signif- 
icantly blurred. These blurred luminous points Q2 and 
Q3 have lower peak luminous energy (indicated by the 
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broken line shown in FIG. 13) and towS/N ratio, thereby 
significantly deteriorating the accuracy of position de- 
tection of luminous points Q2 and Q3. In addition, a scar 
or contamination on the surface of the tested lens TL 
tends to produce errors in the measurement result. 
[0031] It is possible to obtain less blurred luminous 
points by making the openings in Hartmann plate 1 
smaller to thereby deepen the depth of focus. This 
measure is, however, practically undesirable as it de- 
creases the luminous energy on the area sensor 3. It is 
also possible to move or displace the area sensor 3 ac- 
cording to the focal power of tested lens TL in such a 
manner as to keep the focal point always located on the 
area sensor 3. However, this requires an additional ar- 
ea-sensor moving mechanism, causes enlargement of 
the lens meter as a whole due to the complexity of op- 
tical system, incurs an additional cost, and causes elon- 
gation of the measurement time. 

Inventive Example 

[0032] In the inventive example, the respective focal 
lengths f 1 , f2 and f3 of the concentric areas 8a, 8b and 
8c of the wavefront sensor 9 are set such that an image 
can be formed on the area sensor 7 when each of tested 
lenses TL with focal powers +10D, 0D, and -10D is 
placed on the lens meter 10. For example, when AL = 5 
mm and L = 1 5 mm , the focal lengths f 1 , 12, and f3 should 
be +17.8, +15, and +13.1 mm, respectively. 
[0033] When a spherical wave generated by the +1 0D 
tested lens TL is incident to the lens 8, light P1 passing 
though the area 8a forms an image on the area sensor 
7, as shown in FIG. 6(a) and FIG. 7(a). At this time, light 
P2 passing through the area 8b forms an image at a 
point ahead of the area sensor 7, and light P3 passing 
through the area 8c forms an image at a point farther 
ahead of the area sensor 7. 

[0034] When a plane wave generated by the OD test- 
ed lens TL is incident to the lens 8, light P2 passing 
though the area 8b forms an image on the area sensor 
7, as shown in FIG. 6(b) and FIG. 7(b). In this instance, 
light P2 passing through the area 8a forms an image 
behind the area sensor 7 (actually, an image does not 
created because the area sensor 7 blocks the light), and 
light P3 passing through the area 8c forms an image 
ahead of the area sensor 7. 

[0035] When a spherical wave generated by the -1 0D 
tested lens TL is incident to the lens 8, light beam P3 
passing though the area 8c forms an image on the area 
sensor 7, as shown in FIG. 6(c) and FIG. 7(c). In this 
instance, light P2 passing through the area 8b forms an 
image behind the area sensor 7, and light P1 passing 
through the area 8a forms an image still farther behind 
the area sensor 7. 

[0036] In FIGS. 7(a) - 7(c), R1, R2, and R3 denote 
image-forming points of the lights P1, and P3, re- 
spectively. 

[0037] In the inventive example, part of the light beam 
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P forms an image on or in the vicinity of the area sensor 
7 regardless of wavefront shape of the incident light 
beam P, by passing through any of the areas 8a, 8b and 
8c in the lens 8. Thus, the luminous energy distribution 
5 such as shown in FIG. 8 can be obtained even when the 
remainder of light beam P incident to an unmatched ar- 
ea, such as the area 8a or 8b for the plane wave. The 
luminous energy distribution thus obtained has a low 
peak value and obtains a blurred luminous point, when 
to compared with the luminous energy distribution (indicat- 
ed by the solid line shown in FIG. 13) obtained around 
0D, which is properly focused. However, this blurred im- 
age does not significantly affect the accuracy of detec- 
tion of luminous points by the area sensor 7. On the con- 
15 trary, when compared with the luminous energy distri- 
bution (indicated by the broken line shown in FIG. 13) 
obtained by the tested lens TL with a higher refracting 
power, which cannot obtain proper focus, the luminous 
energy distribution of the inventive example has a higher 
peak value and obtains a luminous point with a smaller 
diameter, leading to an improved degree of measure- 
ment accuracy. 

[0038] The wavefront sensor according to the com- 
parative example is difficult to maintain constant meas- 
urement accuracy because it creates great differences 
in luminous energy and diameter depending on wave- 
front shape of the incident light beam P. However, the 
wavefront sensor 9 of the inventive example can always 
maintain constant luminous energy and diameter of the - 
luminous points regardless of wavefront shape of the 
incident light beam P, thus securing a highly accurate 
measurement. 

[0039] Although in the inventive example, the focal 
lengths f 1 , f2 and f3 of the lens 8 changes gradually or 
otherwise stepwise, the lens may have a focal length 
varying continuously in a direction from the central por- 
tion of the lens toward the peripheral portion, as indicat- 
ed by a spherical aberration curve shown in FIG. 9. For 
example, assuming that when transmitted light from a 
+25 tested lens passes through a central portion of the 
lens 8 including the optical axis, an image is formed on 
the area sensor 7, and when transmitted light from a 
-25D tested lens TL passes through an outermost pe- 
ripheral portion of the lens 8, an image is formed on the 
area sensor 7, then the focal length of the central portion 
should be set to 26.3 mm, and that of the outermost pe- 
ripheral portion to 11 .3 mm (spherical aberration of the 
outermost peripheral portion is -15 mm), and the focal 
length of an intermediate portion between the central 
and outermost peripheral portions should be set to vary 
continuously from 26.3 mm to 11 .3 mm. 
[0040] The focal length of the lens 8 thus becoming 
smaller either gradually or continuously from the central 
portion of the lens 8 toward the peripheral portion is for 
the convenient of manufacture of the lenses. The ar- 
rangement should by no means be limited to this, but 
may include a lens with a focal length varying gradually 
from the peripheral portion toward the central portion. 
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Further, the focal length varying continuously or gradu- 
ally in the radial direction of the lens is not an essential 
requirement for the invention. 

[0041] Because aspherical lenses are difficult to man- 
ufacture only by way of grinding, it is desirable to pro- 
duce the lenses as a diffraction optical element previ- 
ously described. In addition, the lenses may also be 
formed integrally as a single binary lens array. 

Application of the Wavefront Sensor to Reflecting 
Telescope 

[0042] FIG. 11 diametrically shows the general con- 
struction of an active optical reflecting telescope in 
which the wavefront sensor of the present invention is 
incorporated. In the reflecting telescope 15, a light beam 
P from a distant point is reflected by a concave mirror 
16 toward a convex mirror 17. The light beam reflected 
by the convex mirror 17 passes through an opening 18 
formed in a central portion of the concave mirror 1 6, and 
then passes through a beam splitter 19 to reach an ob- 
servation plane 20. The beam splitter 1 9 reflects part of 
the light beam and : the reflected part of light beam, as 
it subsequently passes through a collimator lens 21 , be- 
comes parallel rays of light. The parallel rays are then 
introduced into a wavefront sensor 22 comprised of a 
Hartmann plate 6 equipped with lenses 8 (cf. FIG. 1) 
and an area sensor 7. 

[0043] A plurality of actuators 23 is disposed on the 
back of the concave mirror 1 6 for deforming the surface 
of the mirror 16. The actuators 23 are driven to deform 
the mirror surface so that a distorted wavefront WF is 
converted into a well-formed spherical wavefront WF. In 
this instance, It is necessary to obtain the amount of dis- 
tortion of the incident wavefront WF and the amount of 
deformation of the mirror surface due for the compen- 
sation of the wavefront distortion, and to determine the 
amount of movement of the actuators 23 based on the 
desired deformation of the mirror surface. The wave- 
front sensor 22 is used to detect the wavefront distortion. 
An arithmetic circuit 24 is connected to the wavefront 
sensor 22 for determining, on the basis of the detected 
wavefront distortion, a necessary amount of movement 
of the actuators 23. The actuators 23 are driven based 
on the movement amount determined by the arithmetic 
circuit 24. 

[0044] As described above, since according to the 
present invention, light passing through any of plural 
concentric areas of different focal lengths in each lens 
creates an image on or in the vicinity of an area sensor, 
the measurement can be always achieved with high ac- 
curacy without involving remarkable blurring of lumi- 
nous points regardless of the shape of wavefront. 
[0045] Obviously, various minor changes and modifi- 
cations of the present invention are possible in the light 
of the above teaching. It is therefore to be understood 
that within the scope of the appended claims, the 
present invention may be practiced otherwise than as 



specifically described. 



Claims 

5 

1 . A wavefront sensor comprising: 

a plurality of lenses disposed in the same plane; 
and 

10 an area sensor which receives a bundle of rays 

of light collected through each of said lenses as 
a luminous point, wherein the wavefront sensor 
measures wavefront shape of a light beam in- 
cident to said lenses based on the position of 

15 the luminous points on said area sensor, char- 

acterized by - 

each of said lenses comprises a plurality of con- 
centric areas with different focal 

20 lengths, and said area sensor is located substan- 
tially halfway between a first position in which a 
plane wave forms an image after passing through 
one of said concentric areas with a minimum focal 
length, and a second position in which the plane 
25 wave forms an image after passing through another 
area with a maximum focal length. 

2. The wavefront sensor according to claim 1 , wherein 
the respective focal lengths of said plurality of con- 

30 centric areas change stepwise from a central por- 
tion toward a peripheral portion of each of said lens- 
es. 

3. The wavefront sensor according to claim 1 , wherein 
35 the respective focal lengths of said plurality of con- 
centric areas change continuously from a central 
portion toward a peripheral portion of each of said 
lenses. 

*o 4. The wavefront sensor according to claim 2, wherein 
the central portion of each of said lenses has the 
maximum focal length, and the peripheral portion of 
each of said lenses has the minimum focal length. 

45 5. The wavefront sensor according to claim 3, wherein 
the central portion of each of said lenses has the 
maximum focal length, and said peripheral portion 
of each of said lenses has the minimum focal length. 

50 6. The wavefiont sensor according to claim 1 to 5, 
wherein said lenses each comprise a diffraction op- 
tical element. 

7. A lens meter using the wavefront sensor according 
55 to claim 1 to 6. 

8. An active optical reflection telescope using the 
wavefront sensor according to claim 1 to 6. 
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(54) Wavef ront sensor with a Hartmann plate with multifocal lenses, and a lens meter and an 
active optical reflecting telescope using the sensor 



(57) A wavefront sensor includes a plurality of lens- 
es disposed in the same plane, and an area sensor that 
receives a bundle of rays of light collected through each 
of the lenses as a luminous point. Each of the lenses 
comprises a plurality of concentric areas with different 
focal lengths, and the area sensor is located substan- 
tially halfway between a first position in which a plane 
wave forms an image after passing through one of the 
concentric areas with a minimum focal length, and a 



second position in which the plane wave forms an image 
after passing through another area with a maximum fo- 
cal length. With the wavefront sensor thus arranged, the 
measurement can be always achieved with high accu- 
racy without involving noticeable blurring of luminous 
points on the area sensor regardless of the wavefront 
shape of a light beam incident to the lenses. 
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